* while we argue, using PCAC, that pion mass does not scale within the temperature range involved in our Lagrangian. It is found that the hadron masses and the pion decay constant drop faster with temperature in the dilated chiral quark model than in the conventional linear sigma model that does not take into account the QCD scale anomaly. We attribute the difference in scaling in heat bath to the effect of baryonic medium on thermal properties of the hadrons. Our finding would imply that the AGS 1 One of the most challenging current topics in hadronic physics is to understand how physical properties of nuclear matter change as temperature and density are raised. The most exciting possibility is that under extreme conditions of temperature and density, the matter undergoes one or several phase transitions, such as meson condensations, chiral symmetry restorat ion and deconfinement transitions. Whereas several qxark models predict the existence of various phase transitions, it is the lattice gauge calculations which provided an unambiguous evidence for the QCD phase transitions. While the most interesting physics would lie in the quark-gluon or WignerWeyl phase, experiments would necessarily involve hadronization and hence hadronic properties in the confined and/or Goldstone phase. It is therefore important to understand how the hadrons behave as the system approaches the critical point from below. For this purpose, the effective Lagrangian approach has proven to be quite useful and instructive. Indeed, effective chiral Lagrangians, constructed to describe the low-energy non-pert urbative sector of QCD, have been used to predict the temperature dependence of pionic observables[ 11 [2] . These studies including lattice calculations were, however, based on the hadronic vacuum of zero density. The question as to how the change of vacuum induced by density modifies hadron properties at finite temperature has not been addressed in a consistent manner.
A recent development in scaling effect in effective chiral Lagrangians [S] provides a possible means to address the question: How does dense medium affect the temperature dependence of hadronic properties?
To answer this question, we use the effective Lagrangian proposed by Beane and van Kolck [4] in the dilaton limit. These authors incorporate into a nonlinear 0 model of constituent quarks and pions the effect of QCD scale anomaly and find that when the "mended symmetry" of Weinberg [5] is taken into account, the effective Lagrangian "linearizes" with the scalar field associated with the trace anomaly becoming a dilaton field 0. As discussed in [3] , this Lagrangian describing the "mended symmetry'' (dilaton) limit (which we shall refer to as "dilated chiral quark model") is suitable for physics of dense hadronic medium with density p and would naturally exhibit the densitydependent scaling proposed in [6] . There is, however, one caveat in this work as well as in work of ref. [3] that should be mentioned. The construction of the chiral Lagrangian at the dilaton limit leads naturally to a Lorentz-invariant description of the dynamics. In the presence of matter density, Lorentz invariance is broken, so the question is how the dilated Lagrangian should be 1 interpreted when applied to dense matter. We have no clear answer to this question except that in the dilaton limit, Lorentz-invariant Lagrangian appears to be a good first approximation. The remaining question then will be how to apply the dilaton limit to the presence of dense matter.
In this paper, we study the properties of hadrons at finite temperature using the Beane-van Kolck Lagrangian. To do this, we calculate the temperature-dependent effective potential in the dilated chiral quark model. We show first that the pion mass in the chiral limit remains zero at finite temperature as expected and observe scaling behaviors of the pion decay constant, fT, the u mass and the constituent-quark mass, m~, all reflecting the change with temperature of the vacuum expectation value of the dilaton field u. In the Appendix, we reproduce the results of the one-loop effective potential by calculating explicitly the finite-temperature mass corrections in coupling-constant expansion. with t2 = U = exp( 7). The scale anomaly of QCD appearing at quantum levelf71 is contained in the potential V written as [8] where m, is the mass of the would-be dilaton field, x. In the dilated chiral quark model, the dilaton field x is replaced by an effective scalar field u in the linear basis defined by u + i? n' = Uxfi. Near the mended symmetry regime which we assume is realized in dense medium, the dilaton limit (m, + 0, + 1) is appropriate with both pions and 0 making up a Goldstone quartet[$] [9] . In the dilaton limit, the Lagrangian becomes 1 1 m -
Sf,"
Since the minimum of the potential lies on the chiral circle, a2
with O(4) symmetry, we may choose
with the pions remaining as Goldstone bosons. On this vacuum, the relevant excitations are
We now introduce temperature. This can be done by means of the standard finite-temperature effective potential [lO] . Define the background fields by a subscript c and shift the fields as a + a, + a and ii -+ i?, + R' in eq.(3).
The Lagrangian takes the form
+ ... Since we are interested in the vacuum structure that depends only on oc or T C ? we shall hereafter retain only those terms in the effective potential that depend upon them and drop the terms that do not. Then we get
Next we compute the contribution from the meson loops. Using eq. (7), the one-loop finite-temperature contributions from o and .i T' can also be readily calculated [lO] :
'Since the masses of the particles involved in this case are assumed to be small in the dilaton limit, the expansion can be used even at quite low temperatures as long as the temperature is higher than the masses.
where Rq and Bi are the roots of the quadratic equation in k2,
For small p2R:,
Summing up, we have the full one-loop temperature-dependent effective potential
where we have omitted the subscript c in the a and 7r fields: it should be understood that they are classical background fields. Now since chiral symmetry must be intact at finite temperature, we shall assume that the minimum of the effective potential, eq.(14), lies on the chiral circle, o2 + Z2 = const., as in eq.(3). Hence in the chiral limit, pions will remain as Goldstone bosons, with < i i >= 0 and < o >= a 0 # 0. Defining the dimensionless quantities we can rewrite the effective potential as 
We see that the temperature correction in eq.(33) is smaller than in eq.(22). This result is also obtained in chiral perturbation theory [l] (with the nonlinear a model). The temperature dependence of the o mass in the linear a model is . This is due to the logarithmic term in the effective potential. In summary, we have calculated the one-loop effective potential at finite temperature to determine the temperature dependence of the light hadron masses (pion, 0 and constituent quark) and the pion decay constant, using the dilated chiral quark model in the dilaton limit. Since in the dilaton limit, the 0 mass is small, the low-temperature expansion we are making is justified. We found that the B.R scaling postulated in dense matter also holds approximately in hot matter in the dilaton limit:
As stated before, the question remains as to how relevant the dilaton limit on which the Beane-van Kolck construction relies is to dense nuclear matter. In the dilaton limit where Weinberg's mended symmetry applies, the effective Lagrangian preserves Lorentz invariance'. But the presence of the Fermi sea in dense matter breaks Lorentz invariance, so the valid question is how good is the assumption that dense matter can be described by the dilaton limit. If, however, we assume that the dilated chiral quark model describes "vacuum properties" in dense hadronic medium as argued in [3] , the more rapid decrease of fn, rn, and mg with temperature compared with free-space 0 models would imply that heavy-ion experiments performed in hot and dense medium probe different hadron properties than in hot but dilute medium. This prediction could be checked on lattice as well as in heavy-ion experiments.
'For instance, in medium, one expects that the pion decay constant fir (and also the axial coupling constant gA etc.) has two components, one for the time component of the axial current, say, f,?) and another for the space component, f?'. In general, these two are not the same. However in the dilaton limit, one recovers f,?) = fg). 
